The article presents the results of experimental studies of the physical mechanisms and magnetic switching dynamics of films with one or two magnetic nanolayers under an irradiation picosecond and femtosecond laser pulses and also the samples of data recording devices on the spin storage medium are described. The study used a film with perpendicular anisotropy (Tb 22 . The magnetic switching of magnetic layers under action the magnetic field of a spin current is the most important for practical use in elements of spintronic. The spin current can also be realized using short electrical pulses. On the basis of this mechanism, the high-speed recording of information on the spin carrier has been realized.
Introduction


Spintronics is based on the transport processes of spin-polarized current between the elements of electronic devices. The main efforts of researchers in the field of spintronics are aimed at searching for magnetic materials with a high degree of spin polarization and the development of apparatuses of electron spin orientation and the spin current filtration. Magnetic semimetals, magnetic Haussler alloys and magnetic semiconductors have high degree of spin polarization [1, 2] . However, most of the non-magnetic semiconductors have, and are very difficult to get the mina uniform magnetic state by doping magnetic impurities. Technology for producing semi-metallic materials, which include Heusler alloys, are also quite complex.
It is necessary to understand, that the devices of spintronics can replace similar devices of microelectronics in rather limited areas of technology.
First of all, it is the area of registration and processing of small constant and high-frequency electromagnetic signals. Therefore, for creation of elements of spintronics, multilayer heterogeneous metallic ferromagnetic nanostructures are used now. The elements of spintronics based on such metallic nanostructures are compared to the semiconductor elements of microelectronics more low noise, highthermal stability factor and can be used in a higher frequency range. For creation of high-frequency elements of spintronics, high-speed systems for controlling by a spatially localized magnetization are necessary. Usually magnetic reversal of magnetic films is realized with the help of itself magnetic field of the electric current flowing through special electrodes. However, in such simple way, it is difficult to create a considerable high-frequency magnetic field in small micro-and nano area.
This article presents the results of studies of the mechanisms and magnetic switching dynamics of films with one or two the magnetic nanolayers underan irradiation picosecond and femtosecond laser pulses and also the samples of data recording devices on the spin storage medium are described.
Investigated Films and Measuring Technique
We have studied magnetic switching dynamics of the magnetic nanolayers in films with one or two magnetic nanolayers with perpendicular anisotropy (Tb 25 The major mechanism of nonthermal magnetic reversal of films, with perpendicular anisotropy is the inverse Faraday effect [10, 11] . This mechanism is realized only at the circular polarization of laser radiation and the created magnetic field H F proportional to the intensity of light I. In the thin conducting magnetic films can be found field H F on the basis of a circular current induced by laser radiation [11] . Magnetic reversal of the second and next magnetic layer can pass in multilayered magnetic nanostructures under the influence of the new physical mechanism, connected with injection in this layer the spin polarized electrons. These polarized electrons produces in the second magnetic layer, the nonequilibrium magnetic moment M i and appropriate nonequilibrium magnetic field H i [12, 13] . This field consists of the self-field H e of the electric current and magnetic field H s related to the total magnetic moment of the injection spins H i = H e + H s . These magnetic fields have different directions: the field H e lies in the plane of the film, while the field H s is directed to the magnetization M 1 of the first magnetic layer. At perpendicular anisotropy of the first magnetic layer H s is directed normally to the second magnetic layer. The results of the article [12] showed that the relation H e /H s~d0 (d 0 is the diameter of the current conductor). The laser-induced injection of spin polarized electrons is raised in a multilayered magnetic nanofilm under the influence of the photon drag effect [5, 14, 15] .
Since the laser pulse duration  i is larger or comparable with the pulse  p and the spin relaxation time  s in the magnetic layer, the magnetic field Hs and He, can be described by the estimating expression [5] of magnetization of the sublattice of iron and directed against the direction of magnetization of the terbium sublattice.
As a result, magnetic field of the inverse Faraday effect switch in the nanolayer Tb 19 20 . For very high radiation intensity of the circularly or linearly polarized femtosecond laser pulses the delay time curve for the reflected linearly polarized probe laser pulse passes through zero and becomes negative (Fig. 2c) 70 at the absence of magnetic field showed that at small intensity of laser radiation, the resistance of microcontacts falls at the moment of action of laser pulse, but after finishing of the pulse, it returns back to the practically initial value.
At a large intensity of laser radiation, the resistance of these microcontacts changes after the end of the laser pulse and this change depends on the state of magnetization of magnetic layers, on the intensity, and even on the incidence direction of laser pulses on the contact. As our research showed, the magnetic reversal of one of the electrodes changes the relative resistance change in the microcontacts Co 80 with antiparallel magnetizations of the nanolayers, the change of resistance at a radiation of the picosecond and femtosecond laser pulses occurs (Fig. 3) . at an irradiation circularly polarized picosecond and femtosecond laser pulses, it is possible to receive change of conductivity of contact without an external magnetic field both at parallel and at antiparallel magnetization of the magnetic nanolayers.
The laser-induced change conductivity of the The results of investigation show that the laser-induced switching can be realized not only for the case of perpendicular but also uniaxial planar magnetic anisotropy of the magnetic nanolayers. This fact allows us to use the mechanism of magnetization reversal of the control electrodes in spintronic elements and to write data to the spin storage medium.
Based on these results, we have developed and produced experimental models of the devices for recording data on a spin storage media [16] . The scheme of such storage spin media and the storage cell of this storage media are shown in Fig. 4 . The storage cell of this media has two tunneling microcontacts (Fig.  4a): (1) first electrode from magnetic material; (2) barrier nanolayer from isolating material; (3) second electrode from magnetic material and (4) third electrode from magnetic material.
The electrodes of these contacts should be made of magnetic material with a high degree of spin polarization of electrons and it should have perpendicular anisotropy or uniaxial planar magnetic anisotropy in the plane. For the data recording of our cell, high-power electric nanosecond pulse energizes. The data recording in our storage cell in the form of "0" or "1" was spent by means of nanosecond electric pulses. For the recording of the information as "1" nanosecond electric pulses to the first and second magnetic electrodes our cell must be supplied. For putting down the information in the form of "0" nanosecond electrical pulse to the third and second magnetic electrodes our cell must be supplied. In both cases, a positive pulse must be supplied to the second electrode.
As the material for barrier nanolayer, it is better to use MgO or Pr 6 O 11 . The magnesium oxide has a special electronic structure that provides record high values of tunnel magnetoresistance (TMR > 300%) in the tunnel magnetic contacts [17] . The praseodymium oxide is a high energy-gap semiconductor which at the (a) (b) Fig. 4 (a) The scheme of storage cell; (b) storage spin media. 0 is substrate, l is first magnetic electrode, 2 is insulating nanolayer, 3 is the second magnetic stripe electrode, 4 is the third magnetic stripe electrode.
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room temperature is in the paramagnetic state. If we place a thin nanolayer Pr 6 O 11 between two ferromagnetic layers, the nanolayer Pr 6 O 11 , it is magnetized at the expense of penetration of polarized electrons into it [18] .
Under the influence of this electric field, the pulse of spin current is excited in the tunnel junction. The polarized electrons are injected from the electrode 1 or from the electrode 3 to the electrode 2 and create nonequilibrium magnetic field which magnetizes this electrode in the direction of magnetization of the first or third electrode. Pulse amplitude of the current which should pass through the contact 1-2 or 3-2 can be obtained from Eq. Differential method of reading the information is used in our cell. The differential amplifier registers the electric signal U s as equal to the difference of conductivity of the tunnel contact 1-2 and the tunnel contact 3-2 U s = k(J 32 -J 12 ). At the recording, a single electric nanosecond pulse is applied simultaneously to the electrodes 1 and 3. The electrode 2 is used as a common electrode. The amplitude of the read pulse must be much smaller than the amplitude of the write pulse. Conductivity of our tunneling contact depends on the relative orientation of the magnetization vectors in the electrodes that contact [19] 
Conclusions
The analysis of the features of laser interaction with thin films outlines perfect prospects for using laser radiation for high-speed spin current control in spintronic elements. Our experimental studies of laser interaction with multilayer magnetic nanofilms have shown that magnetic reversal of magnetic nanolayers under the action of picosecod and femtosecond laser pulses occurs in time near  (around 10 -11 s) very fast.
The analysis of the results also shows that there are various physical mechanisms of magnetic reversal of magnetic films under the influence of laser radiation. The basic ones are the following: thermomagnetic switching under the influence of an external magnetic field or a demagnetization field, magnetic switching of antiferromagnetic films under the influence of an effective internal field of antiferromagnetic interaction between magnetic sublattices rare-earth and transitive metals, magnetic switching under the influence of a magnetic field of the inverse Faraday effect, or under the influence of a magnetic field on a spin current. In multilayer magnetic films, the photon drag effect leads to the spin current in the direction of laser radiation. The laser-induced injection of the spin-polarized electrons can cause non-equilibrium magnetization in the nonmagnetic semiconductor and metal layers. It may also lead to a reversal of the magnetic nanolayers.
The magnetic switching of magnetic layers under action of the magnetic field of a spin current is extremely important for practical use in elements of spintronics. This mechanism of magnetic reversal takes place only in multilayer nanofilms. The great advantage of the magnetization reversal of magnetic nanolayers of the spin current is that the mechanism of magnetization reversal works in the films with perpendicular anisotropy and in the films with in-plane anisotropy.
The injection of polarized electrons can also be realized by using short electrical pulses. That is why the mechanism of magnetization reversal of the control electrodes spin current is the most appropriate for the management of high-spin current in the elements of spintronics. On the basis of this mechanism that has been performed by us, a high-speed recording of the information on the spin carrier and the experimental model memory with three magnetic nanolayers was obtained. The data recording in this memory cell is realized by using an electric nanosecond pulse. This recording can be realized by using picosecond electrical pulses.
